Objective: This retrospective study was planned to determine the relationship between bone mineral density (BMD) and clinical, radiological and laboratory parameters in patients with ankylosing spondylitis (AS).
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease which predominantly affects young men. Inflammatory enthesopathy progressing to ossification and ankylosis is the pathologic basis of the disease (1) . A considerable decrease in bone mineral density at lumbar spine and femoral neck has been observed in AS (2) . Osteoporotic vertebral fracture rates have ranged from 0% to 18% (3) . In patients with early AS, dual energy X-ray absorptiometry (DEXA) method shows bone loss at the lumbar spine, but in advanced disease, syndesmophytes and facet joint ankylosis at the lumbar spine may mask the bone mass. Some researches reported a correlation between femoral neck BMD evaluated with DEXA and disease duration in AS (4, 5) . Osteoporosis in patients with AS is probably a multifactorial condition related to genetic factors, inflammation, adverse effects of medications, silent bowel disease, and gradual decrease in spinal mobility caused by worsening ankylosis. There are a few data on the benefit of anti-tumor necrosis factor-alpha and biphosphonate therapy on BMD in AS (6, 7) . The aim of this study was to determine BMD of the lumbar spine and femoral neck in a group of Turkish patients with AS and to evaluate the relationship between BMD and clinical parameters, radiological parameters, laboratory parameters.
Materials and Methods
In this retrospective study, twenty-eight patients who fulfilled the modified New York criteria for AS were enrolled (8) . Medical records were reviewed and patients with a history of medication use known to affect bone metabolism were excluded. Spinal pain was assessed using a 100 mm visual analog scale. Other parameters were duration of morning stiffness, modified Schober's test, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level. An anteroposterior radiograph of the pelvis and anteroposterior and lateral radiographs of the lumbar spine were taken in all patients. For assessment of sacroiliitis, radiographs of the pelvis were scored on a 5-point scale to obtain a sacroiliac score (SIS) (8) . To obtain a lateral spine score (LSS), anterior and posterior margins of each intervertebral space from L1-L2 to L4-L5 were scored as followed: 0=no syndesmophytes, 1=nonbridging syndesmophytes, 2=bridging syndesmophytes (9) . Since Bath AS Radiology Index hardly changes with each additional syndesmofite, we did not prefer it (10) . Instead, we used a specific scoring method with regard to posteroanterior DEXA scan, that is, L2-L4 vertebral levels (11).
Although we did not score the zygapophyseal joints separately, it is well established that zygapophyseal joint involvement and the presence of syndesmophytes in AS are well correlated (12) . All radiographs were assessed and scored by the same investigator (AB). LSS and SIS were taken as radiologic indicators of disease severity. Vertebral fractures were defined by a visual semiquantitative grading system as a reduction of more than 20% in anterior, middle, and/or posterior height (13) . Lumbar BMD (L2-L4) and left femoral neck were measured by DEXA (Norland). According to World Health Organization criteria, osteopenia was defined as a T score <-1, and osteoporosis as a T score ≤-2.5 (14) .
Continuous variables were presented as the mean ± standart deviation. Pearson's correlation coefficients were calculated to test for associations of the BMD measurements, demographic variables, clinical parameters, laboratory results, and radiological scores. A p-value <0.05 was considered statistically significant. Analyses were performed using a commercial software.
Results
There were 21 (75%) men and 7 (25%) women in the study group. The mean age of study group was 37.4±11.1 years. The mean disease duration was 11.9 ± 6.1 years. Twenty-two (78.6%) patients were HLA-B27-positive. The current medications used by the patients were nonsteroidal antiinflammatory drugs (n=24), sulfasalazine (n=22), methotrexate (n=5) and etanercept (n=1). Peripheral joint involvement was present in 6 patients. Clinical, laboratory and radiological characteristics of the study group are shown in Table 1 . The lumbar BMD measurements showed that 25% of patients had osteopenia, 7.1% were osteoporotic, whereas by femoral neck BMD measurements 17.8% hadosteopenia and 14.2% had osteoporosis. Only one (3.5%) patient had lumbar vertabral fracture at L1 vertebra.
Lateral lumbar radiographs showed syndesmophytes in 21 (75%) patients. LSS was positively correlated with age (r=0.45, p=0.015) and disease duration (r=0.45, p=0.013). Additionally, LSS was negatively correlated with modified Schober's test (r=-0.52, p=0.004). SIS was not related to age, disease duration or modified Schober's test. LSS was significantly correlated with BMD of lumbar spine (r=0.70, p<0,001), but not with femoral neck BMD (r=-0.11, p=0.55). SIS was not correlated with lumbar spine BMD (r=0.19, p=0.32), but negatively correlated with femoral neck BMD (r=-0.79, p<0.001). While lumbar BMD was positively correlated with disease duration (r=0.37, p=0.05), femoral neck BMD was negatively cor- 
Discussion
This study confirms that lumbar BMD measurement is influenced by radiologic progression of AS. LSS was positively correlated with lumbar BMD, but not with femoral neck BMD. Additionally, SIS was negatively correlated with femoral neck BMD, but not with lumbar spine BMD. Disease duration and modified Schober's test were related to BMD at both the lumbar spine and femoral neck. However, there was no relationship between BMD and pain, morning stiffness, ESR or CRP.
Because low BMD is an independent predictor of fracture risk in normal population there has been a great interest in determining the prevalence and severity of osteopenia in AS (3). Low BMD in AS patients has been reported in the literature. There are different rates for osteoporosis and osteopenia. El Maghraoui et al. (15) reported 18.7% osteoporosis and 31.2% osteopenia at the lumbar spine, 13.7% and 41.2% at the femoral neck, respectively. An other study revealed 8% osteoporosis and 18% osteopenia at the lumbar spine, 6% and 52% at the femoral neck, respectively (16) . We found that the frequency of osteoporosis and osteopenia for the lumbar spine were 7.1% and 25% respectively, whereas for the femoral neck they were 14.2% and 17.8% respectively. The vertebral fracture rate in AS is reported to be 0% to 18% in Western countries (3, 4, 9, 17, 18) and 40.9% in Turkey (19) . In our study, there was only one patient with fracture (3.5%). This may be explained by the shorter mean disease duration (11.9±6.1 years) of our patients. Baek et al. (20) also reported a vertebral fracture rate of 3.9%.
Posteroanterior DEXA has generally been used to measure BMD of the spine and hip in AS patients. In mild AS, lumbar spine and femoral neck BMD have been found to be lower in patients than controls. In severe AS, femoral neck BMD is decreased compared with controls but lumbar spine BMD is not, and in some instances, even increased. Although mild and severe diseases were defined according to various criteria, it seems likely that syndesmophyte formation, facet joint fusion and ligament ossification explain the observed discrepancy in lumbar spine and femoral neck BMD in patients with severe diseases (4, 19, 21, 22) . In this study, we found that LSS was positively correlated with lumbar spine BMD. This finding indicates that the presence of syndesmophytes may influence posteroanterior lumbar DEXA results and give rise to falsely increased BMD. However, we did not found a correlation between LSS and femoral neck BMD. Because of this, femoral neck BMD measurement may be more reliable than lumbar spine BMD in advanced AS (15, (23) (24) (25) . Previous studies have shown that vertebral fracture risk is related to low femoral neck BMD, but not with lumbar spine BMD (4, 18, 22) . Syndesmophyte formation and ligament calcification may have supressed this relationship (18) . In our study, we found that SIS was negatively correlated with femoral neck BMD, but not with lumbar spine BMD. This result is consistent with previous findings of Speden et al (16) . But, Gilgil et al. (11) reported no relationship between SIS and BMD values at both the lomber spine and femoral neck.
Quantitative computed tomography (QCT) or a lateral projection of the lumbar spine by DEXA reflecting more accurate results than posteroanterior lumbar DEXA in determining the bone mass in AS has been suggested (5, 26) . Lateral lumbar DEXA has the advantage of isolating the body of vertebra from the ankylosed zygapophyseal joints, anterior or posterior syndesmophytes. Therefore, lateral lumbar DEXA has been found more sensitive to determine lumbar spine BMD than posteroanterior lumbar DEXA. In addition, kyphotic patients can undergo an easier procedure (11, 26, 27) . Bone mass loss determined by lateral lumbar DEXA has been found positively correlated with bone mass loss determined by femoral neck DEXA (26) . QCT has the advantage of isolating the trabecular bone of vertebra from the cortical bone, ankylosed zygapophyseal joints and syndesmophytes. Because of this, QCT has been found more reliable than DEXA, especially in advanced AS. Indeed, QCT confirms spinal bone loss that is proportional to the duration of the disease (5, 25) . In patients with syndesmophytes and long disease duration (> 10 years), no case of osteoporosis had been identified by DEXA at the lumbar spine. When QCT at the lumbar spine and DEXA at the femoral neck were used to measure BMD, osteoporosis frequency had been found 31% and 21% respectively. Significant positive correlation between QCT results at the lumbar spine and DEXA results at the femoral neck had been reported in the same study (25) . Lange et al. (2) showed bone mass loss by QCT at the lumbar spine in both early and late AS patients. Nevertheless, lateral lumbar DEXA may be more suitable for serial BMD measurements because it has lower radiation dose than QCT. A significant positive correlation between disease duration and lumbar spine BMD has been reported (4, 23, 24, 28, 29) . This could be due to the presence of syndesmophytes in patients with chronic disease. We also found significant positive correlation between disease duration and lumbar spine BMD. Moreover, we found that bone loss of the femoral neck was proportional to disease duration, in keeping with previous reports (4, 24, 28, 30) . Some investigators reported no significant correlation between disease duration and BMD at both the lumbar spine and femoral neck (18, 28, 30, 31) .
We found positive correlation between modified Schober's test and lumbar spine BMD, and negative correlation with femoral neck BMD as reported in some earlier studies (4, 5) . The correlation between lumbar spine BMD and Schober's test presumably reflects the changes in DEXA and spinal mobility induced by syndesmophyte formation. However, other investigators did not found significantly increased bone mass at the lumbar spine in AS patients who had decreased Schober's test (11, 20) .
Osteopenia in AS is generally considered to be caused by the immobilization associated with spinal ankylosis.
However, it has been reported that bone mass loss frequently occurs in patients with early or mild AS who show little clinical or radiographic evidence of spinal disease (28) . Some investigators found a negative correlation between inflammatory markers of disease activity (ESR, CRP, IL6) and BMD (22, (32) (33) (34) . However, we failed to identify relationship between BMD measurements and ESR or CRP, consistent with earlier data (5, 16, 25, 35) . The lack of consistent correlation between ESR, CRP, and BMD may be due to these variables reflecting different time courses. ESR and CRP measure the current status of inflammation, whereas BMD is a longitudinal variable (16, 27) .
In conclusion, AS patients have an increased risk for developing bone loss. In long standing and radiologically advanced AS, lumbar spine BMD is misleadingly high because of paravertebral calcification and ossification, and the measured value is higher than the real values. Therefore, it is more rational to determine bone loss at femoral neck.
